Abstract. Based on a survey done recently in Japan, 30 percent of the serious accidents occurred in oral implant surgery were concerned with the mandibular canal and 3/4 of them were related to drilling. One of the reasons lies in the lack of the education system. To overcome this problem, a new educational system focusing on drilling the mandibular trabecular bone has been developed mainly for dental college students in the form of an oral implant surgery training simulator that enables student to sense the reaction force during drilling. On the other hand, the conventional system uses polymeric model. Based on these systems, two approaches were proposed; the evaluation by experienced clinicians using the simulator, and experimental works on the polymeric model. Focusing on the combination of the drilling force sensed and drilling speed obtained through both approaches, the results were compared. It was found that the polymeric models were much softer especially near the mandibular canal. In addition, the study gave us an insight of the understanding in bone quality through tactile sensation of the drilling force and speed. Furthermore, the clinicians positively reviewed the simulator as a valid tool.
Introduction
The oral implant surgery is one of the treatments of prosthesis for patient with tooth's deficiency that had been widely used for more than 30 years (Albrektsson et al. 2008) . In particular, it mainly consists of the jawbone drilling process for implanting artificial teeth. The mandibular canal inside the jawbone contains nerve system and blood vessel running through the porous trabecular bone. Due to that, serious problems might happen if the drill penetrated through the canal. Based on a survey by Japan Academy of Maxillofacial Implants between 2009 and Corresponding author, Ph.D Student, E-mail: a.atiq@keio.jp 2011, it was estimated that 30 percent of the accidents occurred were concerned with the mandibular canal in trabecular bone region and 3/4 of those were related to drilling.
One of the reasons for oral implant failures is the dentist's lack of knowledge and surgical experience (Augustin et al. 2008 , Chrcanovic et al. 2014 , Kim et al. 2010 , Limbert et al. 2010 , Melo et al. 2006 . The lack of experiences and knowledge of oral implant surgery gain during studies in dental colleges and universities causes them to work with various initiatives , Kusumoto et al. 2006 , Rhienmora et al. 2010 , Ucer et al. 2014 , Urbankova 2010 , Wienrick et al. 2007 . Particularly, technical practice using detailed models is adopted in order to teach surgical procedures. However, its properties are naturally different from a real jawbone and the models are expensive and not suitable for repeated practice. In addition, most of these models are made of resin and can only provide a single pattern of tactile sensation to the user during drilling (Van de Velde et al. 2008) although it is reported that there are 4 kinds of classification according to the size of the cortical and trabecular bone's microstructure (Lekholm 1985) .
The tactile sensation can be considered as the sensation of the force at the tip of the doctor's finger or relatively considered as the drilling force. There are a few numbers of studies on the drilling force (Friberg et al. 1995 , Sugaya 1990 ) but it is difficult to quantify the force sense felt by the clinician. As a result, it is nearly impossible to teach inexperienced clinicians the force sensed by a skilled clinician. The drilling force is closely related to the apparent mechanical properties, especially stiffness, which leads to the quality of the bone tissue. There are many studies in the biomechanics field related to oral implantology (Bonnet et al. 2009 , Chang et al. 2011 , Haïat et al. 2013 , Mathieu et al. 2014 , Misch et al. 1999 , Sui et al. 2014 , Yeniyol et al. 2013 and it was found that the quality of the bone depends on various factors including its microstructure (Basler et al. 2013 , Dempster 2000 , Pothuaud et al. 2002 and bone mineralization (Sansalone et al. 2012) . A way to predict the drilling properties is by using the image-based modeling technique and finite element analysis (FEA) that is widely used in bone stress analyses based allowing precise modeling of a three-dimensional trabecular bone structure .
In this study, the tactile sensation during drilling was quantified relatively to the drilling force and speed. Two approaches to study the drilling force and speed were considered. The first approach is from the clinicians' point-of-view based on their evaluation of the oral implant surgery training simulator's database calculated using FEA. The second approach of this study is based on the students' point-of-view while practicing on polymeric model conventionally used in dental colleges. Focusing on the combination of the drilling force and speed obtained, the results were compared.
Method

Development of oral implant surgery training simulator
The first approach for studying the drilling force and speed for the mandibular bone is from the viewpoint of the experts; the clinicians that have accumulated experiences of oral implant surgery cases. In order to get the clinicians' data and their view on the drilling force and speed, an oral implant surgery training simulator was used. The purpose of the simulator is actually to learn the correlation between the drilling force and the micro-architecture of trabecular bone for a variety of (Lekholm 1985) . In general, the comparisons of the polymeric models show a much higher drilling speed in the deep region than in the shallow region. By comparing the drilling speed from both the proposed approach, the drilling speed of the clinicians' ranged from 0.3 mm/s to 0.9 mm/s but the drilling speed based on the experimental work on the polymeric model ranged as high as 1.5 mm/s. The higher drilling speed was obtained from drilling the polymeric model although it was done with an input force of 3 N, lower than the force used for clinicians' evaluation. Even with a higher input force of 9 N, the drilling speed is much lower than that of the polymeric models. Looking at the obtained data, the curve of the clinicians' evaluation seems to show a lower slope than the curves recorded using the polymeric model thus showing the polymeric model to be much softer than the calculated data from a real jawbone.
Discussion
Matsunaga et al. reviewed the biomechanical study on jawbone while considering the structural properties of the trabecular bone region and underlined the need to incorporate the bone quality in biomechanical analysis (Matsunaga et al. 2011) . Although it only stated its need while analyzing three-dimensional FE models, the present study puts together two approaches including the FE analysis, as stated, in order to further expand the analysis. We proposed the approach of using the polymeric model and compared both of the analyses while incorporating the bone quality. As stated in the National Health Institutes of Health (NIH) Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy, bone strength is also affected by bone quality hence comes the importance of incorporating the bone quality.
The comparison of drilling force and speed between the two approaches largely differs as shown in Fig. 7 : the scattering of the clinicians' evaluation's data is denser than in the polymeric models. Regardless of the differences, Sugaya measured and recorded similar scattering while studying the relationship between the cutting force and bone mineral content (Sugaya 1990) . The author's study aimed at finding out more about the bone quality for dental implant by taking into account mineralization parameter of the bone quality. The ranges of bone mineral content increases as the cutting force increase, thus showing the same similarity with the present study by changing the parameter of the bone mineral content with the drilling speed. This shows that the relation of the drilling force and speed could be one of the parameters in studying and quantifying the bone quality. It could also be a way to evaluate and quantify the tactile sensation while drilling the jawbone.
According to the evaluation done and the positive reviews obtained, the developed simulator can be considered as a valid tool. This shows that the polymeric model seems to be exaggerated based on the high drilling speed recorded even in low input force. Nevertheless, the structure of the polymeric model could potentially be helpful for students when they start learning the oral implant surgery since the high drilling speed could let the students be very careful while drilling, especially near the mandibular canal.
Conclusions
In order to carry on a deeper study about the drilling force and speed in oral implant surgery, a training simulator has been developed and evaluated by experienced clinicians. The tactile sensation of drilling the jawbone can be obtained through the simulator as it shows great potential while avoiding any risk in difficult procedures and enabling the user to increase their level of proficiency through repeated practice. The drilling speed and force obtained while doing the evaluation was further expanded and the experiment using polymeric model was done. All this enables us to study the biomechanics of oral implant surgery and learn more about the bone quality through the tactile sensation of the drilling process by studying the relation of the drilling force and speed. The two approaches gave different results thus providing us merits and demerits of both approaches in order to educate students in the field of oral implant surgery.
